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Description 

Technical Field 

5 The present invention relates to ink jet recording sheets to which mainly an aqueous ink is applied. More particu- 

larly, it relates to ink jet recording sheets which give excellent images. 

Background Art 

The ink jet recording methoc reforms recorcing of ~--*ges or = rters by allowing r.k droplets ejected c. .vious 
working principles on a recording an aet such as paper, ink :~ printers nave such ravorac.r features that they ma.- . high- 
speed recording possible, that they produce little noise, mat there is no limitation as to kind of patterns or images, and 
that it requires no processing for development and fixing, and attract attention in that they can accurately and quickly 
produce complicated images. Especially, the ink jet pdrxtBcs are rapidly becoming widespread in various fields as 

is devices for producing hard copies of image information such as letters and various graphics produced by computers. 
Furthermore, they can easily perform multi-color recording by using a plurality of ink nozzles. The images formed by the 
multi-color ink jet recording method are comparable to these printed by a multi-color press or those obtained by a color- 
photography. Besides, use of the ink jet recording extends to a field of full-color image recording where the number of 
copies is not so many, since costs per copy are less than those employing the photographic process. The application 

20 fields of particular notice recently are production of color mechanicals in the printing industry, production of full-color 
copies of graphics in the fashion or promotion industries, and so forth. An another expanding field of note is transpar- 
ency for OHP (overhead projector); color copies of a picture, graph, chart and the like drawn by aid of a computer are 
ink-jet printed and increasingly used for presentations. 

As for the recording sheets used for ink jet recording, efforts have been made from the aspects of printer hardwares 

25 or ink composition in order to use woodfree paper or coated paper used for ordinary printing or writing. However, 
improvements in recording sheets have come to be required increasingly in order to go side by side with developments 
in printer hardwares such as ever increasing speed, development of ever finer definition images of full color, and also 
with expanding fields of uses. That is. recording sheets are demanded to develop ever high image reproducibility, and 
in order to meet that demand, it is required that image dersity of the printed dots be maintained high and hue charac- 

::• teristics be bright and appealing, the ink applied be fixed quickly and does not bleed or spread even though a different 
color ink is put over additionally. Moreover, ink should set ouickly, dots should not spread more than needed ?. *i the 
circumference of dots be sharp and demarcating. Especially, in the case of color recording, not only the monocr : 
recording of yellow, magenta, cyan or black is carried out. but also recording by overlapping these colors is car- -. jt 
and amount of ink applied to the recording sheet further increases and very severe performances of the sheet are 

35 required. 

When a conventional ink absorbing layer is provided on the recording sheet which is used for OHP, that layer - if 
porous, blocks light transmission of the sheet even rf a transparent support is used; if non-porous, light transmission 
may be improved, but aqueous ink receptivity of the layer is poor, therefore ink remains wet on the surface of the sheet 
and printed image tends to be smudged during the time the sheet is run on a printer. 

40 For solution of these problems, various ink jet recorcing sheets provided with a transparent ink absorbing layer high 
in ink receptivity have been proposed. For example, there have been proposed use of polyvinyl alcohol and polyacrylic 
acid type water-soluble polymer in Japanese Patent Application Kokai No. 60-168651. use of hydroxyethylcellulose in 
Japanese Patent Application Kokai No, 60-262685, use of a mixture comprising carboxymethylcellulose and polyethyl- 
ene oxide in Japanese Patent Application Kokai No. S 1 .-!S!679. use of a fixture comprising a water-soluble celMose 

45 and polyvinyl pyrrolidone in Japanese Patent Application Kckai No, 61-193879, use of a receiving layer formed of a gel- 
atin solution having a specific pH in Japanese Patent Application Kokai No. 62-263084 and use of a mixture comprising 
gelatin and a surface active agent in Japanese Patent Application Kokai No. 1 -146784. 

The ink jet recording sheets described in these patent applications are superior in light transmission and improved 
in ink receptivity, but are still insufficient, especially in dots reproducibility, and are hardly acceptable as recording 

so sheets for high image quality color hard copies. 

EP 380 133 A1 describes a recording medium and image forming method making use of it The recording medium 
comprises a substrate and an ink-receiving layer provided on said substrate, wherein said ink-receiving layer contains" - 
a reaction product of a gelling agent with a coupling agent The image forming method comprises applying ink-jet 
recording to the recording medium, thereby forming an image. 

55 EP 445 327 A1 discloses a recording medium for ink-jet recording. The recording medium comprises a polyolefin- 
coated substrate having an ink-receiving layer provided on the upper side thereof, wherein the ink-receiving layer con- 
tains a mixture of gelatine and rice starch. 

The object of the present invention is to provide ink jet recording sheets which give exceilent quality images. 
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An acuecus ink to be used for ink jet recording is composed mainly of water and a polyhydric alcohol, and is 
designed to inhibit plugging ci :nk conduits or nozzles in the printer head and to improve discharging characteristics. I 
order to develop high quality image, it is necessary that ink-receiving layer can quickly absorb the ink and can control 
spreading cf the ink. 

Disclosure ci the Invention 

As a result of intensive research, the inventors have found that an ink jet recording sheet that can develop high 
quality images can be obtained by providing specific inK-receiving layers on supports. 

Acceding to the first aspect ci the present invention, there is provided an ink jet recording sheet comprising a sup- 
port and an ink-receiving layer provided on the support wherein the ink-receiving layer contains a low-molecutar weight 
gelatin having a molecular weight of 1 00.000 or less in an amount of at least 30% by weight in solid content based on 
the total solid content of the ink-receiving layer, mucochloric acid in an amount of 0.1-1% by weight in solid content 
based on the gelatin content and carboxymethylcelluiose having a molecular weight of 100.000 or less and an etherifi- 

■5 cation degree of 1% or less. 

According to the second aspect of the present invention, there is provided an ink jet recording sheet comprising a 
support and an ink-receiving layer provided on the support wherein the ink-receiving layer contains a polymer com- 
pound obtained by reacting a polyoxyalkylene glycol containing an ethylene oxide chain with at least one compound 
selected from polycarboxylic acids, polycarboxylic acid anhydrides, lower alkyl esters of polycarboxylic acids and 

20 organic polyisocyanates. 

Furthermore, the inventors have found that when psychometric lightness L and psychometric chroma coordinates 
a and b according to the CIELA3 (abbreviation of Va'b* color system recommended by the Commission Internationale 
de I'Echairage*) are within a specific range, the sheet shows excellent visual whiteness and sharpness of the resulting 
image is high and color reproducibility is superior. 

=5 According to the third aspect of the present invention, there is provided an ink jet recording sheet comprising a cup- 
port and an ink-receiving layer provided on the support wherein the surface of the ink-receiving layer has a psychomet- 
ric lightness L and psychometric chroma coordinates a and b which are specified in JIS-Z8730 and measured by the 
method specified in JIS-Z8722 are 87 or more, and -2 to +2 and -3 to +3, respectively. 

According to the fourth aspect of the present invention, there is provided an ink jet recording sheet comprising a 

-v support and an ink-receiving layer provided on at least one side of the support wherein the support is a polyolef in resin- 
coated paper and the surface of the resin coat layer on which the ink-receiving layer is provided has a psychometric 
lightness L and psychometric chroma coordinates a and b which are specified in JIS-28730 and measured by the 
method specified in J1S-Z8722 are 90 or more, and -2 to +2 and -5 to 0. respectively. 

According to the fifth aspect of the present invention, there is provided an ink jet recording sheet comprising a sup- 

js port and an ink-receiving layer provided on at least one side of the support wherein the surface of the ink-receiving layer 
has a psychometric lightness L and psychometric chroma coordinates a and b which are specified in JIS-Z8730 and 
measured by the method specified in JIS-Z8722 are 87 or more, and -2 to +2 and -3 to +3, respectively and the ink- 
receiving layer comprises a non-spherical cationic colloidal silica and a binder. 
The first aspect of the present invention is described below. 

*z As the gelatin contained in the ink-receiving layer, a gelatin having a molecular weight of 100.000 or less is used. 
When the molecular weight is more than 100,000, the gelatin is inferior in compatibility with cartxxymethyiceliulose to 
result in decrease in uniformity of image density formed on the ink-receiving layer. 

Any gelatins which are prepared from collagen of animals can be used in the present invention. Preferred are those 
which are prepared from pig skin, beef skin and beef bone. Kind of gelatin is not critical and there may be used lime- 
's treated gelatins, acid-treated gelatins and gelatin derivatives each alone or in combination of two or more (e.g.. gelatin 
derivatives desenbed in Japanese Patent Kokoku Nos. 38-4854, 39-5514. 40-12237 and 42-26345, US. Patent Nos. 
2,525.753. 2.594,293, 2.614.928. 2.763,639, 3.1 18.766. 3.132.945, 3.186,846 and 3.312.553, and British Patent Nos. 
861.414 and 1.033,189). 

Jelly strength of the gelatin (measured by PAGI method using a bloom type jelly strength meter) is preferably 150 

50 g or higher, especially preferably 200-300 g. 

Coating weight of the ink-receiving layer is not specifically limited, but is preferably 3-50 g/m 2 , more preferably 5- 
30 g/m 2 in solid content. When the coating weight of the layer is less than 3 g/m 2 . the sheet is inferior in ink-receptivity 
and the ink flows out of the ink-receiving layer after printing. When it is more than 50 g/rn 2 , ink-receptivity is improved, 
but there occur problems such as cracking and curling of the ink-receiving layer. 

55 Amount of mucochloric acid is preferably 0.1-1.0% by weight in solid content based on the gelatin. When the 
amount of mucochloric acid is less than 0.1% by weight hardening of the ink-receiving layer is insufficient and ink- 
received portion of the layer swell or even flow after printing. When it is more than 1 .0% by weight, ink-receptivity is infe- 
rior and dot reproducibility becomes poor. 
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Molecular weight of carboxymethyicellulose is 1 00.000 rr fess and etherification degree thereof is i% or less. 
When the molecular weight exceeds 100.000 or the ether fficanon degree exceeds i%. viscosity increases to deterio- 
rate coatability. 

Amount of carboxymethylcellulose is not specifically limited, but the weight ratio of carboxymethyicellulose to the 
gelatin is preferably in the range of 5/95-70/30, more preferacly 10/90-60/40 for improving ink-receptivity and dot repro- 
ducibility. 

The tnk-receiving layer may contain surface active agents in addition to the binder for improving dot reproducibility. 
The surface active agents may be any of anidmc type, caticnc type, nonionic rype and betaine type.and may be of low " 
molecular or high muscular ones. One or two or more of the surface active agents are added to the coat-g composition 
;or tne ink-receiving .ayer. v.'hen two or more surface active agents are used «n combination, it is nc: craf erred to use 
anionic surface active agent and catiomc sunace active agent : n combination Amount of the surface active agent >.s 
preferably 0.001-5 g, more preferably 0.01 -3 g in solid content based on 100 g of the binder which constitutes the ink- 
receiving layer. 

The ink-receiving layer may additionally contain various known additives such as inorganic pigment, color pigment, 
dye, fixer for ink dyes, ultraviolet absorber, antioxidant, dispersing agent, defoamer, leveling agent, preservative, fluo- 
rescent brightener, viscosity stabilizer and pH adjustor. 

The coating composition liquor for the ink-receiving layer can be coated by conventionally employed methods such 
as slide hopper method, curtain method, extrusion method, air knife method, roll coating method and rod bar coating 
method. 

The ink-receiving layer is provided on at least one side of a support, but the layers may be provided on both sides 
for inhibition of curling. 

Thickness of the polyester film which can be used as a support is not specifically limited, but preferably is about 1 0- 
200 urn from the points of handling property and runnability on a printer. 

Thickness of the polyolefin resin-coated paper which can be used as the support also is not specifically limited, but 
preferably is about 50-300 from the points of handling property and runnability in a printer. 

The base paper used for the resin-coated paper is not specifically limited and may be any of that which is generally 
used. Preferred is base paper having smooth surface such as one used for photographic support. Fibers which consti- 
tute the base paper may be one or more of natural fiber, recycled ftoer and synthetic fiber. To the base paper stock, 
there may be added additives generally used for paper making such as sizing agent, strengthening agent, loading 
agent, antistatic agent, fluorescent brightener and dye. Furthermore, the surface of the base paper may be coated with 
surface sizing agent, sur?Ace strengthening agent, fluorescent brightener. antistatic agent, dye. anchoring =gent and 
the like. 

The base paper preferably is one processed by a calender or the like during or after paper making ar ing a 
high surface smoothness; its basis weight is preferably 30-250 g/m 2 . 

The polyethylene resin may be a low<jensity polyethylene, a medium-density polyethylene, a high-densir. .^eth- 
ylene or a mixture thereof. The low-density polyethylene referred to herein is one having a density of 0.91 5-0.930 g/cm 3 
and prepared normally by high-pressure process; the high-density polyethylene, one having a density of 0.950 g/cm 3 
or higher and prepared normally by low-pressure process or medium-pressure process. These polyethylene resins can 
be used each alone or in combination of two or more having different density and melt flow rate. 

The resin layer of the resin-coated paper may be of either single-layer construction or multi-layer construction com- 
prising two or more layers. In this case, too. the above-mentioned polyolefin resins can be used alone or in combination 
of two or more. Furthermore, the layers of the multi-layer construction may have afferent compositions from one 
another or may have the same composition. The resin layers of multi-layer construction may be coated by either coex- 
t/usion coating method or successive coating method. 

Thickness of the resin layer in the resin-coated paper is not specifically limited, but the layer is generally coated at 
a thickness of 5-50 urn on one side only or on both sides. 

The resin of the resin-coated paper may contain, in optional combination, white pigments such as titanium oxide, 
zinc oxide, taic and calcium carbonate, fatty acid amides such as stearamide artj arachidamide, metal salts of fatty 
acids such as zinc stearate. calcium stearate. aluminum stearate and magnesium stearate. antioxidants such as Irga- 
nox 1010 and Irganox 1076. blue pigments or dyes such as cobait blue, ultramarine blue. Sicilian blue and phthalocya- 
nine blue, magenta pigments or dyes such as cobalt violet, Fast Violet and Manganese Purple, fluorescent brighteners 
and ultraviolet absorbers. 

The resin-coated paper is produced by so-called extrusion coating method which comprises casting a molten pol- 
yethylene resin composition on a running base paper. For improving bond between the resin layer and the base paper, 
it is preferred to subject the base paper to activation treatments such as corona cfischarge treatment and flame treat- 
ment before coating the resin on the base paper. The side of the support on which the ink-receiving layer is coated (front 
side) may have a glossy surface or a matte surface depending on its use and the glossy surface is especially preferred. 
The back side may not necessarily be coated with resin, but is preferably coated with resin for inhibition of curling. The 
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back side, if coated with resin, normally has a dull surface, and this side of the base paper also can be SLbjected to 
activation treatments such as corona discharge treatment and flame treatment 

The support can be provided with a variety of antistatic or anti-curiing backcoat layers for improving runnabiiity. The 
backccat layer may contain, in optional combination, inorganic antistatic agent, organic antistatic agent, hydrophilic 
5 binder, latex, hardener, pigment and surface active agent. 

According to the f irst aspect of the present invention, gelatin quicWy absorbs the ink. so that the ink does not remain 
wet on the sheet surface and drying or fixing proceeds quickly. Furthermore, by restricting the amount of rnucochloric 
acid to 0.1-1.0% by weight in solid content based on gelatin, cross-linking degree of gelatin is controlled and proper 
water absorbency and water resistance are rendered to the sheet. Moreover, carboxymethylcellufose has the effect to 
restrain swelling cf gelatin film to inhibit excessive spread of ink dots. 

The second aspect of the present invention is described below. 

One component used for producing the polymer compound contained in the ink-receiving layer is a polyoxyaikylene 
glycol. The polyoxyaikylene glycol is obtained by addition polymerization of an organic active hydrogen compound hav- 
ing two groups containing active hydrogen groups with an alkylene oxide containing ethylene oxide. Examples of the 
is organic active hydrogen compound are ethylene glycol, diethylene glycol, propylene glycol, dipropyiene glycol. 1.4- 
butanediol. 1,6-hexanediol, neopentyl glycol, bisphenol, polyethylene glycol, polypropylene glycol, pdytetramethylene 
glycol, butylamine. octylamine, laurylamine and cyclohexylamine. 

The alkylene oxide used for the addition polymerization contains ethylene oxide as an essential component and 
may additionally contain propylene oxide, butylene oxide, styrene oxide or the like. 
so Examples of the polycarboxytic acids or anhydrides thereof or lower alkyl esters thereof are enumerated below. 

(a) Malonic acid, succinic acid, maleic acid, fumaric acid, adipic acid, sebacic acid, phthalic acid, isophthalic acid, 
terephthalic acid, rtaconic acid, trimellitic acid, pyromellitic acid and dimer acid. 

(b) Monomethyl ester, dimethyl ester, monoethyl ester, diethyl ester, monopropyl ester, dipropyl ester, monobutyl 
25 ester or dibutyl ester of the acids enumerated in the above (a). 

(c) Anhydrides of the acids enumerated in the above (a). 

Examples of the organic polyisocyanates to be reacted with polyoxyaikylene glycol are tolylene diisocyanate, 4.4'- 
methylenebis(phenyl isocyanate), hexamethylene diisocyanate. isophorone diisocyanate, xylylene diisocyanate. 4.4- 
30 methylenebis(cyclohexyl isocyanate), 4.4-isopropylidene-bis(cyclohexyi isocyanate) and trimethylhexamethylene diiso- 
cyanate. 

Molecular weight of the polymer compound contained in the ink-receiving layer is preferably 50.000-300.COO. When 
the molecular weight is less than 50.000. the compound is inferior in water resistance and the ink-receiving layer dis- 
solves after printing and sharp image cannot be obtained. When the molecular weight is more than 300,000. viscosity 

35 of the coating solution increases, resulting in deterioration of coatability such as inferior coated surface. 

Dry coating weight of the ink-receiving layer is preferably t-30 g/m 2 . When the coating weight is less than 1 g/m 2 . 
ink receptivity of the ink-receiving layer is poor it is likely that the ink bleeds on the ink-receiving layer after printing and 
smudges the printed image due to mingling of colors or due to contact of the printed image with an object. When the 
coating weight is more than 30 g/m 2 , the ink sinks too deep into the ink-receiving layer resulting in poor image resolution 

to and curling of the recording sheet 

The ink-receiving layer may contain in addition to the polymer compound various binders for the purposes of 
improving film strength and imparting water resistance. The binders are preferably water-soluble polymers such as 
starches or derivatives, various gelatins, polyvinyl alcohols or modification products thereof, polyvinyl pyrrolidone. car- 
boxymethylcellutose. hydroxyethylcellulose and latexes such as SBR latex and NBR latex 

45 Amount of the polymer compound is preferably 2% by weight or more based on the weight of the dry weight of the 
ink-receiving layer. When the amount of the polymer compound is less than 2% by weight, the advantageous effects of 
the present invention cannot be sufficiently exhibited and ink jet recording sheets which can afford images of high qual- 
ity cannot be obtained. 

The ink-receiving layer can contain surface active agents for improving coatability. The surface active agents may 
50 be any of anionic, cationic. nonionic and amphoteric types. Molecular weight of the surface active agents is not specif- 
ically limited and it is also possible to add two or more surface active agents. Amount of the surface active agents is 
preferably 0.001-5 g, more preferably 0.01-3 g in solid content per 100 g of solid of the ink-receiving layer. 
The ink-receiving layer may further contain the additives referred to in the explanation of the first aspect. 
The ink-recerving layer may be coated by normally employed methods such as slide hopper method, curtain 
55 method, extrusion method, air knife method, roll coating method and rod coating method. 

The ink-receiving layer is provided on at least one side of the support and the layers may be coated on both sides 
for inhibition of curling. 

As the support there may be used paper, metallic foil, synthetic paper, fabric, nonwoven fabric or composites 
thereof, but polyolefin resin-coated paper and film are preferred from the points of image quality, gloss and smoothness. 
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Thickness of the support is not specifically limited, but is preferably about 50-300 urn from the points of handling prop- 
erty and runnability on a printer. 

The base paper preferably is one processed by a calender or the like during or after paper making and having a 
high surface smoothness; its basis weight is preferably 30-250 g/rrr. 
5 The resin coat layer can be provided on one or both sides of the base paper and. but the resin coat layers are pref- 

erably provided on both sides of the base paper for inhibition of curling. 

The resin-coated paper used as the support is produced by so-called extrusion coating method which comprises 
casting a heat-molten polyolefin resin on a running base paper or the emulsion coating method which comprises coat- 
ing a res;n emuision on the base paper. When the extrusion ccating method is employed, the base paper is preferably 
•: suoje-Jira :o activation treatments such as corona c;scharce treatment and flame treatment before oeing coated with 
the r =s:n for improving bond between the ressn ana tie base paper. When the emulsion coating method is employed, it 
is preferred to carry out smoothening treatments such as hot calender treatment after coating. 

The resin layer of the resin-coated paper may be of either single-layer construction or multi-layer construction com- 
prising two or more layers. In this case, the polyolefin resins can be used alone or in combination of two or more. Fur- 
is thermore. the layers of the multi-layer construction may have different compositions from one another or may have the 
same composition. The resin layers of multi-layer construction may be coated by either coextrusion coating method or 
successive coating method. 

Thickness of the resin layer of the resin-coated paper is not specifically limited, but is preferably 5-50 urn. 
The resin of the resin-coated paper may contain, in optional combination, various additives, for example, white pig- 
20 ments such as titanium oxide, zinc oxide, talc and calcium carbonate, kaolin clay, fatty acid amides such as stearamide 
and arachidamide. metal salts of fatty acids such as zinc stearate. calcium stearate. aluminum stearate and magnesium 
stearate, antioxidants such as Irganox 1010® and Irganox 1076®. blue pigments or dyes such as cobalt blue, ultrama- 
rine blue, Sicilian blue and phthalocyanine blue, magenta pigments or dyes such as cobalt violet. Fast Violet and Man- 
ganese Purple, fluorescent brighteners and ultraviolet absorbers. 
25 The film may be either transparent film or opaque film and a polyester film is preferred in view of strength properties 
and cost. 

The side of the support on which the ink-receiving layer is coated (front side) has glossy surface, matte surface or 
the like depending on the use and the glossy surface is especially preferred. 

A subcoat layer can be provided on the support before coated with the ink-receiving layer in order to improve coat- 
30 ability of the coating composition liquor of the ink-receiving layer. The subcoat layer may contain various water-soluble 
polymers, latexes, hardeners, surface active agents in optional combination. 

As in the case of the first aspect, the support can be provided with various backcoat layers for antistatic purpose, 
for improving runnability or for inhibition of curling. The backcoat layer may contain, in optional combination, inorganic 
antistatic agent, organic antistatic agent, hydrophilic binder, latex, hardener, pigment and surface active agent. 
35 According to the second aspect of the present invention, an ink jet recording sheet capable of recording images of 
good quality which does not smudge due to mingling of colors in the contour portion or due to contact in running of the 
sheet on a printer can be obtained by adding to the ink-receiving layer a polymer compound obtained by reacting a poly- 
oxyalkylene glycol containing an ethylene oxide chain with at least one compound selected from polycarboxylic acids, 
polycarboxylic acid anhydrides, lower alkyl esters of polycarboxylic acids and organic polyisocyanates. 
*o The third aspect of the present invention is described below. 

As methods for quantitatively measuring and expressing the hue characteristics of a subject there are methods as 
specified in JIS-Z8722 and J1S-Z8730. According to these methods, the hue characteristics of a subject is expressed 
by the three values U a and b. The value L shows lightness and the greater value L means the higher lightness. The 
value a shows redness and the greater vaJue means the st/onqer redness and the smaller vaJue means the stronger 
45 greenness. The value b shows yellowness and the greater value means the stronger yellowness and the smaller value 
means the stronger blueness. 

The value L in the third aspect is at least 87. When the value L is smaller than 87, the white color becomes grayish 
and becomes dull. 

The value a is in the range of -2 to +2. When the value a is smaller than -2. the whole image becomes greenish and 
so this is not preferred. When it is greater than +2, the whole image becomes reddish and this is not preferred. 

The value b is in the range of -3 to +3. When the value b is smaller than -3, the whole image becomes bluish and 
this is not preferred. When it is greater than +3, the whole image becomes yellowish and this is not preferred. 

In order to control the values U a and b of the surface of the ink-receiving layer within the respective ranges of the 
present invention, various colorants are added to the ink-receiving layer. 
55 As the colorants to be added, mention may be made of. for example, white pigments. Hue dyes, red dyes and flu- 
orescent dyes. These can be used with optionally changing the amount depending on the kind of the support, coating 
weight of the ink-receiving layer or the like. 

As the support there may be used non-coated paper such as woodfree paper, medium grade paper, supercalend- 
ered paper, machine glazed paper and tracing paper, coated paper such as art paper, coat paper, light weight coat 
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caper, ultra light weight coat paper and cast coat paper, plastic films such as polyester film and cellulose acetate film, 
synthetic paper such as foamed polyolefin synthetic paper and foamed polyester synthetic paper, polyolefin resin- 
ccatea paper. resin-impregnated paper, nonwoven fabrics, fabrics and composites thereof. 

In order to enhance ink absorbency. various pigments and resins can be used in the ink-receiving layer together 
with other additives. The pigments added for this purpose include, for example, silica, colloidal silica, alumina, alumina 
sol. magnesium carbonate. caJcium carbonate, titanium oxide and zinc oxide. The resins include, for example, water- 
soluble resins such as starch or modification products thereof, gelatin or modification products thereof, polyvinyl alcohol 
or modification products thereof, polyvinyl pyrrolidone. carboxymethylcellulose. hydroxyethylcellulose, sodium polyacr^ 
ylate. sodium alginate and polyacrylamide and resin emulsions such as acrylic emulsion, vinyl acetate emulsion. SSR 

*: iaiex and NBR tatex. If necessary, the ink-receiving iayer may contain additives such as anionic, cationic. nonionic or 
amphoteric surtace active agents, dye fixing agents, ultraviolet absorbers, antioxidants, defoamers, leveling agents, 
preservatives, viscosity stabilizers and pH adjustors. 

Dry coating weight of the ink-receiving layer is preferably 1 -30 g/m 2 . When the coating weight of the ink-receiving 
layer is less than 1 g/m 2 . the sheet is inferior in ink-receptivity and the ink is apt to flow out of the ink-receiving layer after 

is printing to cause smudging due to mingling of colors of images or due to contact of the printed image with an object. 
When it is more than 30 g/m 2 , resolution of the printed image goes down due to excessive permeation of ink. and the 
recording sheet is apt to curl. 

The coating composition liquor for the ink-receiving layer can be coated by normally employed methods such as 
rod method, wire bar method, slide hopper method, curtain method, extrusion dye method, air knife method, roll coating 
20 method and blade method. 

In the ink jet recording sheet of the present invention, the ink-receiving layer may be of either single-layer construc- 
tion or multi -layer construction comprising two or more layers. In the case of the multi-layer construction, the layers may 
have different compositions from one another or may have the same composition. When the multi-layers are formed, 
two or more layers may be coated simultaneously or may be coated successively one by one. 
25 The ink-receiving layer is provided on at least one side of a support, but may be provided on both sides for carrying 
out the printing on both sides or for inhibition of curling. 

According to the third aspect of the present invention, an ink jet recording sheet that has visually excellent white- 
ness, can form images of high sharpness and is excellent in color reproducibility is obtained by limiting psychometric 
lightness L and psychometric chroma coordinates a and b of the surface of the ink-receiving layer to be within the spe- 
30 cific ranges. 

The fourth aspect of the present invention is described below. 

Use of a polyolefin resin-coated paper as a support is preferred because it has a high whiteness, a high gloss and 
a high smoothness and images of good quality can be obtained. 

The value L in the present invention is at least 90. When the value L is smaller than 90. the ink jet recording sheet 
55 becomes grayish and the color of the image becomes dull. 

The value a is in the range of -2 to +2. When the value a is smaller than -2, the ink jet recording sheet becomes 
greenish and this is not preferred. When it is greater than +2, the ink jet recording sheet becomes reddish and this is 
not preferred. 

The value b is in the range of -5 to 0. When the value b is smaller than -5, the ink jet recording sheet becomes bluish 
40 and this is not preferred. When it is greater than 0, the ink jet recording sheet becomes yellowish and this is not pre- 
ferred. 

In order to control the values U a and b of the surface of the support on which the ink-receiving layer is to be coated 
within the respective ranges of the present invention, various colorants are added to the base paper layer, the interme- 
diate layer or the resin coat layer. The colorants added are preferably excellent in light resistance and heat resistance 

45 and can be used with optionally changing the amount depending on the hue characteristics or coating weight of the ink- 
receiving layer. Examples of the colorants are pigments or dyes such as titanium dioxide, zinc oxide, barium sulfate, cal- 
cium carbonate, talc, kaolin, day, silica, alumina and magnesium oxide as white colorants, cobalt blue, ultramarine, 
Sicilian blue and phthaJocyanine blue as blue colorants, quinacridone red, anthraquinone red, bisazo red and isoin- 
dolinone red as red colorants, bisazo yellow and isoindolinone yellow as yellow colorants, and cobalt violet fast violet 

so and manganese purple as purple colorants and fluorescent dyes such as stiibene. distilbene, benzoxazole. coumarin, 
imidazole, benzimidazole and pyrazoline dyes. 

The base paper for the polyolefin resin-coated paper as a support is not specifically limited and may be any of gen- 
erally used papers. The base paper may comprise fibers such as natural pulp, recycled ffoer and synthetic pulp each 
alone or in admixture. Furthermore, the base paper may contain additives such as sizing agent strengthening agent, 

55 fixing agent electro-conducting agent and pH adjustor generally used for paper making as well as the above-mentioned 
pigments or dyes. The base paper may be coated or impregnated with pigment dye, water-soluble resin, resin emul- 
sion, sizing agent strengthening agent, electroconducting agent, anchoring agent or the like. The base paper is prefer- 
ably calendered by a machine calender, hot calender, soft calender, super calender or the like to improve surface 
smoothness during or after paper making. 
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The polyotefin resin-coated paper is produced by the melt- extrusion coating method which comprises casting a 
heat-molten polyotefin resin on a running base paper or the emulsion coating method which comprises coating a pofy- 
olefin resin emulsion and drying the coat. The resin coat layer may be provided on one or both sides of the base paper, 
but the resin coat layers are preferably coated on both sides for inhibition of curling. In preparation of the polyolefin 
5 resin-coated paper, the base paper is preferably subjected to surface activation treatments such as corona discharge 
treatment, flame treatment and providing of anchoring layer for improving bond between the polyolefin resin and the 
base paper. 

As the polyolefin resin which constitutes the resin coat layer, homopolymers or copolymers of ethylene, propylene. " 
i -butene. ' -pentere. i -nexene. 4-methyl-i -pentene. 1 -heptene. i -octene. 1 -nonene or the like can be used. The resin 
'o cr-ai iayer can contain various additives sucn as :uoncant, antioxidant, ultraviolet absorber, plasticiser, achesive. hard- 
ener or the like in addition to the polyolefin resin, pigment and dye mentioned above. 

The resin coat layer may be of either single-layer construction or multi-layer construction. The layers of the multi- 
layer construction may have different compositions from one another or may have the same composition. When the 
resin layers of the multi-layer construction is formed, two or more layer may be coated simultaneously or may be suc- 
is cessively coated one by one. Thickness of the resin coat layer is preferably at least 10 um for obtaining satisfactory 
smoothness. 

An intermediate layer may be provided between the support and the ink-receiving layer for the purpose of enhanc- 
ing bond between the support and the ink-receiving layer and improving surface reflective characteristics of the ink jet 
recording sheet. The intermediate layer may contain, in addition to the above-mentioned pigments or dyes, water-solu- 
20 ble resin, resin emulsion, surface active agent, ultraviolet absorber, antioxidant, antifoamer. leveling agent, preservative, 
thickener. pH adjustor and the like. 

The intermediate layer may be coated on the support by normally employed coating methods such as rod method, 
wire bar method, slide hopper method, curtain method, extrusion die method, air knife method, roll method and blade 
method. 

25 As in the third aspect of the present invention, the ink-receiving layer may contain various pigments and resins 
together with other additives for enhancing the ink receptivity. 

The ink-receiving iayer is provided on at least one side of the support, but may be coated on both sides for making 
the both functional to ink jet printing or for inhibiting curling. The ink-receiving layer may be of either single-layer con- 
struction or multi-layer construction comprising two or more layers. In the case of multi-layer construction, the layers 

30 may have different compositions from one another or may have the same composition. The multi-layers may be coated 
simultaneously or may be coated successively one by one. 

Dry coating weight of the ink-receiving layer is preferably 1-30 g/m 2 . When the coating weight of the ink-receiving 
layer is less than 1 g/m 2 , the sheet is inferior in ink-receptivity and the ink is apt to flow out of the ink-receiving layer after 
printing to cause smudging due to mingling of colors of images or due to contact of the printed image with an object. 

35 When it is more than 30 g/m 2 , resolution of the printed image goes down due to excessive permeation of ink, and the 
recording sheet is apt to curl. 

The ink-receiving layer, or the intermediate layer as well, may be coated on the support by normally employed coat- 
ing methods such as rod method, wire bar method, slide hopper method, curtain method, extrusion die method, air knife 
method, roll method and Wade method. 

to A backcoat layer may be provided on the side of the support opposite to the ink-receiving layer side is provided for 
the purposes of inhibiting curling and blocking of the recording sheet or for raising electric conductivity and imparting 
writability with a pencil or ball-point pen. The backcoat layer may contain pigment water-soluble resin, resin emulsion, 
surface active agent, conducting agent hardener, antifoamer, leveling agent, preservative, viscosity stabilizer, pH 
adjustor and the like. 

45 The backcoat layer may be coated on the support by normally employed coating methods sucn as rod method, wire 
bar method, slide hopper method, curtain method, extrusion die method, air knife method, roil method and blade 
method. 

According to the fourth aspect of the present invention, an ink jet recording sheet that has a visually excellent white- 
ness and can form images of high sharpness and is excellent in color reproducibility is obtained by using as a support 
so a polyolefin resin-coated paper whose surface to be coated with the ink-receiving layer has the values L, a and b 
according to CIELAB falling within a specific range. 

Next the fifth aspect of the present invention will be explained. 

In order to control the values L. a and b of the surface of the ink-receiving layer within the respective ranges of the 
present invention, various colorants are added to the ink-receiving layer. 
55 As the colorants, there may be used coloring pigments, coloring dyes, fluorescent dyes and the like, and they can 
be used with optionally changing the amount depending on the kind of support and coating weight of the ink-receiving 
layer. 

As the supports, there may be used those which are referred to in the third aspect. 
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The ink-receiving layer is mainly composed or a non- spherical cationic ccHo*cai silica and a binder m order to 
increase ink abscrtency and improve dot reproducibility and water resistance. 

The r.on-sphencal cationic colloidal silica is one which is cation-modified by covering the surface thereof with a 
hydrous metal oxide. The "non-spherical" herein means "substantially not spherical" and acicular or fibrous colloidal sil- 
5 tea is preferred. The size the silica is preferably several nm to about 500 nm in the length of major axis. 

The hydrous metal oxides used for the cationic modification of non-spherical colloidal silica include, for example, 
hydrous aluminum oxide, hydrous zirconium oxide and hydrous tin oxide. Especially preferred are those which are cat- 
lon-mocified with hydrous aluminum oxide/The cationic modification can be carried out by the processes described n 
U 3. Patent No. 3.007,373. Japanese Patent Kokoku No. 47-26959 and the like. 

The covering weight of the hydrous metal oxice as a cationic modifier in the rcn-sohertcai cationic colloidal silica 
is suitably 1 -30% by weight based on the weight of silica (as Si0 2 ). When the covering weight of the cationic modifier 
is too small, dot reproducibility and water resistance of the ink jet recording sheet are poor and when it is too large, the 
ink-receiving layer becomes brittle and is apt to crack. Therefore, the covering weight is especially preferably 2.5-25% 
by weight, most preferably 5-20% by weight The dispersion of the non-spherical cationic colloidal silica may contain an 
is acid component such as acetic acid, citric acid, sulfuric acid or phosphoric acid as a colloid stabilizer. As specific exam- 
ples of the -non-spherical cationic colloidal silica, mention may be made of ST-special modification series supplied by 
Nissan Chemical Co., Ltd. 

Examples of the binder used in the ink-receiving layer include various gelatins such as lime-treated gelatin, acid- 
treated gelatin, enzyme-treated gelatin, gelatin derivatives, e.g.. gelatins reacted with anhydrides of dibasic acids such 

20 as phthalic acid, maleic acid and fumaric acid, polyvinyl alcohols of various saponification degrees, carboxy-modif ied, 
cation-modified and amphoteric polyvinyl alcohols or derivatives thereof, starches such as oxidized starch, cationized 
starch and etherified starch, cellulose derivatives such as carboxymethylceilulose and hydroxyethylcellulose. synthetic 
polymers such as polyvinyl pyrrolidone, polyvinylpyridinium halides. salts of sodium polyacrylate. acrylic acid-meth- 
acrylic acid copolymer, polyethylene glycol, polypropylene glycol, polyvinyl ether, alkylvinyl ether-maleic anhydride 

25 copolymer and styrene-maleic anhydride copolymer cr salts thereof and polyethyleneimine. latexes of conjugated diene 
copolymers such as styrene-butadiene copolymer and methyl methacrylate-butadiene copolymer, latexes of vinyl ace- 
tate polymers such as polyvinyl acetate, vinyl acetate-maleate ester copolymer, vinyl acetate-acrylate ester copolymer 
and ethylene-vinyl acetate copolymer, latexes of acrylic polymers or copolymers such as acrylate ester polymer, meth- 
acrylate ester polymer, ethyl ene-acrylate ester copolymer and styrene-acrylate ester copolymer, latexes of vinyiidene 

30 chloride copolymer, functional group-modified polymer latexes obtained by modifying these various polymers with mon- 
omers containing functional group such as carboxyl group, aqueous adhesives such as thermosetting synthetic resins, 
e.g.. melamine resin and urea resin, and synthetic resin adhesives such as polymethyl methacryfate. polyurethane 
resin, unsaturated polyester resin, vinyl chloride-vinyl acetate copolymer, polyvinyl butyral and alkyd resin. These may 
be used each alone or in combination of two or more. 

35 Amount of these binder may vary depending on a balance between the confilicting requirements, i.e. ink absorb- 
ency vs. dot reproducibility and water resistance, but is suitably 2-100 parts by weight especially preferably 5-30 parts 
by weight based on 100 parts by weight in solid content of the non-spherical cationic colloidal silica. 

The ink-receiving layer may contain various surface active agents for improving sharpness of images. The surface 
active agents may be any of anionic, cationic. nonionic or betaine type and besides, may be of low molecule or high 

40 molecule. Furthermore, one or two or more of them may be used. 

As preferred examples of the surface active agents, mention may be made of anionic surface active agents such 
as long chain aJkyfbenzenesulfonates and long chain, preferably branched alkylsuffosuccinates, nonionic surface active 
agents such as polyalkylene oxide ethers of long chain, preferably branched alkyi group-containing phenols and poly- 
alkylene oxide ethers of long chain alkyt alcohols, and fluorinated surface active agents described in Japanese Patent 

45 Kokoku No. 47-9303 and US. Patent No. 3.589.906. 

Amount of the surface active agent is preferably 0. 1 -7% by weight more preferably 0.5-3% by weight based on dry 
solid weight of the ink-receiving layer. 

The ink-receiving layer may contain various additives in addition to the non-spherical cationic colloidal silica, binder 
and surface active agent. 

so Examples of the additives are silica, colloidal silica, magnesium carbonate, calcium carbonate, titanium oxide and 
zinc oxide as pigments; raminopropyitriethoxysilane and N-p-(aminoethyl) r^inc^opyltnmethcoysiiane as silane 
coupling agents; active halogen compounds, vinylsulfone compounds, aziridine compounds, epoxy compounds, accy- 
loyl compounds and isocyanate compounds as hardeners for polymers; p-hydroxybenzoate ester compounds, benziso- 
thiazolone compounds and isothiazolone compounds described in Japanese Patent Kokai No. 1-102551 as 

55 preservatives; color pigments, dyes and fluorescent dyes described in Japanese Patent Application Kokai Nos. 63- 
204251 and 1-266537; benzotriazole corrpounds having, hydroxy-di -alky Iphenyl group at 2-position as ultraviolet 
absorbers; polyhindered phenol compounds described in Japanese Patent Application Kokai No. 1-105245 as antioxi- 
dants; organic or inorganic fine particles of 0.2-5 um such as starch particles, barium sulfate and silica and organopo- 
lysiloxanes described in Japanese Patent Kokoku No. 4-1337 as pencil writing agents; sodium hydroxide, sodium 
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carbonate, sulfuric acid, hydrochloric acid, phosphoric acid, and citric acid as pH adjusters; and octyl alcohol and sili- 
cone antifoamers. These may be used in optional combination. 

Dry coating weight of the ink-receiving layer is preferably 1-30 g/m 2 When the coating weight of the ink-receiving 
layer is less than 1 g/m 2 . the sheet is inferior in ink-receptivity and the ink is apt to flow out of the ink-/eceiving layer after 
5 printing to cause smudging due to mingling of colors of images or due to contact of the printed image with an object. 
When it is more than 30 g/m 2 . resolution of the printed image goes down due to excessive permeation of ink, and the 
recording sheet is apt to curl. 

The ink-receiving layer may be coated omhe support by normally employed coating methods such as red method; 
wire car msthoa. siide r.ocper method, curtain method, ^trusion die method, air knife method, roil meihed and blade 
metnoa. 

As in the case of the third aspect, the ink-receiving layer may be of either iingle-layer construction or multi-layer 
construction comprising two or more layers. In the case of multi -layer construction, the layers may have different com- 
positions from one another or may have the same composition. The multi -layers may be coated simultaneously or may 
be coated successively one by one. 

is The ink-receiving layer is provided on at least one side of the support, but may be provided on both sides for effect- 
ing the printing on both sides or for inhibition of curling. 

According to the fifth aspect of the present invention, an ink jet recording sheet that has a visually excellent white- 
ness, can give images of high sharpness and good color reproducibility and is excellent in dot reproducibility and water 
resistance can be obtained by providing an ink-receiving layer mainly composed of a non-spherical colloidal silica and 

20 a binder, the psychometric lightness L. and psychometric chroma coordinates a and b of the surface of the ink-receiving 
layer being within specific ranges, ink-receiving layers on supports. The ink jet recording sheets give excellent images. 

Best Mode for Carrying out the Invention 

25 The present invention is illustrated by the following nonlimiting examples. In these examples, all parts are by weight. 

Example 1 

On the front side of a base paper comprising LBKP and having a basis weight of 1 00 g/m 2 was coated with 25 g/m 1 
30 of a resin composition comprising 85 parts by weight of a low-density polyethylene and 15 parts by weight of titanium 
dioxide. On the back side of the base paper was coated with 20 g/m 2 of a resin composition comprising 50 parts by 
weight of a high-density polyethylene and 50 parts by weight of a low-density polyethylene to obtain a resm-coated 
paper. The front side of the resin-coated paper was subjected to corona treatment and then coated with a coating com- 
position for ink-receiving layer of the following formulation at a dry coating weight of 8 g/m 2 by an extrusion method. 
35 Immediately thereafter, the coat was set by cooling for 10 seconds and the coated paper was passed through a drying 
zone having gradually increasing temperatures with controlling the temperature and the humidity in the drying zone so 
that the surface wet-bulb temperature was lower than 20° C to obtain an ink jet recording sheet. 



40 


Formulation 1 for ink-receiving layer: 




Low-molecular weight gelatin (molecular weight: 95.000) 


50 parts 




Carboxymethylcellulose (molecular weight: 80.000 and ether if ication degree: 0.8%) 


50 parts 


4S 


rvtucochtoric acid 


0.3 part 



Example 2 

so 

An ink jet recording sheet was prepared by coating a coating composition for ink-receiving layer of the following for- 
mulation in the same manner as in Example 1 on the same support as used in Example 1 . 

55 
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Formulation 2 for ink-receiving layer: 


5 


Low-molecular weight gelatin (molecular weight: 70,000) 


30 parts 




Carbcxymethylceilulose (molecular weight: 80.000 and ether if ication degree: 0.8%) 


70 parts 




Mucochloric acid 


0.2 part 



Example 3 

An ink jet recording sheet was prepared by coating a coating composition for ink-receiving layer of the following for- 
js mulation in the same manner as in Example 1 on the same support as used in Example 1 . 





Formulation 3 for ink-receiving layer: 


20 


Low-molecular weight gelatin (molecular weight: 70,000) 


50 parts 




Carboxymethylcellulose (molecular weight: 80.000 and etherification degree: 0.8%) 


50 parts 




Mucochloric acid 


0.05 part 



25 



Example 4 

An ink jet recording sheet was prepared by coating a coating composition for ink-receiving layer of the following for- 
30 mulation in the same manner as in Example 1 on the same support as used in Example 1 . 





Formulation 4 for ink-receiving layer: 


35 


Low-molecular weight gelatin (molecular weight: 70,000) 


50 parts 




Carboxymethyfceilulose (molecular weight: 100.000 and etherification degree: 1.0%) 


50 parts 




Mucochloric acid 


0.5 part 



40 



Example 5 

An ink jet recording sheet was prepared by coating a coating composition for ink-receiving layer of the following for- 
<5 mulation in the same manner as in Example 1 on the same support as used in Example 1 . 





Formulation 5 for ink-receiving layer: 


50 


Low-molecular weight gelatin (molecular weight: 70.000) 


50 parts 




Carboxymethylcellulose (molecular weight: 100,000 and etherification degree: 1.0%) 


50 parts 




Mucochioric acid 


0.3 part 



55 
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Example 5 

An ink jet image receiving sheet was prepared by coating a coating composition for ink-receiving layer of the follow- 
ing formulation in the same manner as in Example 1 except that a polyethylene terephthalate film haying a thickness of 
5 1 00 um was used as a support in place of the resin-coated paper used in Example 1 . 





Formulation 6 


'cr ink-receiving layer: 




Lew -molecular weight ge'= 


-olecular 


r»ght: 70.000) - 


50 parrs 


Carboxymethylcellulose [r 


.cular weight: 


20.000 ethertfica;:on degree: 0.3%) 


50 parts 


Mucochloric acid 






0.3 part 



75 

Example 7 

An ink jet recording sheet was prepared by coating a coating composition for ink-receiving layer of the following for- 
20 mulation in the same manner as in Example 1 on the same support as used in Example 1. 





Formulation 7 for ink-receiving layer: 


25 


Low-molecular weight gelatin (molecular weight: 120,000) 


50 parts 




Carboxymethylcellulose (molecular weight: 80.000 and etherification degree: 0.8%) 


80 parts 




Mucochloric acid 


0.3 part 



30 



Example 8 

An ink jet recording sheet was prepared by coating a coating composition for ink-receiving layer of the following for- 
35 mulation in the same manner as in Example 1 on the same support as used in Example 1 . 





Formulation 8 for ink-receiving layer: 


40 


Low-molecular weight gelatin (molecular weight: 70.000) 


20 parts 




Carboxymethylcellulose (molecular weight: 80.000 and etherification degree: 0.8%) 


80 parts 




Mucochloric acid 


0.1 part 



45 



Example 9 

An ink jet recording sheet was prepared by coating a coating composition for ink-receiving layer of the following for- 
so mulation in the same manner as in Example 1 on the same support as used in Example 1 . 



55 



BNSOOCID: <EP 0737532A2> 



12 



EP 0 737 592 A2 





Formulation 9 for ink-receiving layer: 


5 


Low*molecular weight gelatin (molecular weight: 70.000) 


50 parts 




Carboxymethylcellulose (molecular weight: 80.000 and etherification degree: 0.8%) 


50 parts 




Mucochloric acid 


0.04 part 



Example 10 

An ink jet recording sheet was prepared by coating a coating composition for ink-receiving layer of the following for- 
15 mulation in the same manner as in Example 1 on the same support as used in Example 1. 





Formulation 10 for ink-receiving layer: 


20 


Gelatin (molecular weight: 70,000) 


50 parts 




Carboxymethylcellulose (molecular weight: 80.000 and etherification degree: 0.8%) 


50 parts 




Mucochloric acid 


0.6 part 



25 

Example 1 1 

An ink jet recording sheet was prepared by coating a coating composition for ink-receiving layer of the following for- 
30 mulation in the same manner as in Example 1 on the same support as used in Example 1. 



Formulation 1 1 for ink- receiving layer: 


Low-molecular weight gelatin (molecular weight: 70,000) 

Cartx>xymethy1cellulose (molecular weight: 120,000 and etherification degree: 0.8%) 
Mucochloric acid 


50 parts 
50 parts 
0.3 part 



40 

Example 12 

An ink jet recording sheet was prepared by coating a coating composition for ink-receiving layer of the following for- 
45 mutation in the same manner as in Example 1 on the same support as used in Example 1 . 



Formulation 12 for ink-receiving layer: 


Low molecular weight gelatin (molecular weight: 70.000) 
Carboxymethylcellulose (molecular weight 80,000 and etherification degree: 0.8%) 
Mucochloric acid 


50 parts 
50 parts 
0.3 part 



55 

Images were recorded on the thus obtained specimen sheets by Desk Writer C ink jet printer supplied by Hewlett 
Packard Co., Ltd. and subjected to the following quality tests and the results of evaluation are shown in Table 1 . 
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Image portion was visually evaluated and unevenness especially in overlapping ink dot image portion was evalu- 
ated. 

5 

(Spread of ink dot] 

Monochromatic ink dot image or overlapping ink dot image was continuously recorded and it was visually judged ' 
wn ether the -.cm of the cots spreaa between adjacent image portions. 

[Writability] 

The density and the sharpness of the recorded letters were evaluated. 
is [Coatability] 

It was judged whether coating composition for ink-receiving layer was difficult owing to high viscosity or not accord- 
ing to the following criteria; 

20 © : Excellent and there is no problem to coat. 

O: Good, 

a: Practically acceptable. 

X: Inferior. 

25 



Table 1 



Sample 


Unevenness 
in image 


Spread 


Writability 
of letters 


Coatability 


Example 1 


® 


O 


® 


® 


Example 2 


o 


O 


o 


® 


Example 3 


® 


@ 


o 


® 


Example 4 


0 


o 


® 


® 


Example 5 


o 


o 


o 


® 


Example 6 


® 


® 


o 


® 


Example 7 


X 


o 


X 


® 


Example 8 


o 


X 


o 


® 


Example 9 


0 


o 


X 


® 


Example 10 


o 


X 


O 


® 


Example 11 


0 


O 


O 


X 


Example 12 


0 


O 


O 


X 



so As can be seen from the results of Table 1 , the ink jet recording sheets of Examples 1 -6 showed good results in al I 
of the tests. On the other hand, when molecular weight of the gelatin was high as in Example 7, ink-receptivity was not 
uniform and unevenness was seen in the image, and besides, letter writability was poor because of poor compatibility, 
of the gelatin with carbGxyrnethytceiJulose. When content of the tow-molecular weight gelatin was small as in Example 
8 or when content of mucochloric acid was large as in Example 10. ink-receptivity of the ink-receiving layer was inferior 

55 and the image spread much. When content of mucochloric acid was small as in Example 9. since hardening of the ink- 
receiving layer was insufficient the ink-receiving layer flowed away and letter writability was poor. When molecular 
weight of carboxymethylcellulose was large as in Example 1 1 or when etherification degree of carboxymethyfcellulose 
was high as in Example 12, viscosity of the coating composition increased to deteriorate the coatability. 
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As described above, an ;nk jet recording sheet excellent in ink adsorbency and capable of providing images excel- 
lent in sharpness, resolution and uniformity can be obtained. 

Example 13 

5 

On the front side of a base paper comprising LBKP (broad -leaved bleached kraft pulp) and having a basis weight 
of 100 g/rrr was coated with 16 g/m 2 of a resin composition comprising 85 parts by weight of a low-density polyethylene 
and 1 5 parts by weight of titanium dioxide.- On the back side of the base paper was coated with 1 6 g/m 2 of a resin com- 
position comprising 60 parts by weight of a high^ensrty polyethylene and 40 parts by weight of a low-density polyeth- 
io ylene to obtain a resin-coated pacer. The front side of the resin-coated paper was subjected to corona treatment ana 
then was coated with a coating composition (10% in solid content) for ink-receiving layer prepared by adding 80 parts 
by weight of polyvinyl alcohol to 20 parts by weight of a polymer compound (having an average molecular weight of 
1 20.000) obtained by reacting ethylene oxide adduct of dipropylene glycol wfth adipic acid monoester at a dry coating 
weight of 10 g/m 2 by a bar coater and dried to obtain an ink jet recording sheet. 

15 

Example 14 

A coating composition (10% in solid content) for ink-receiving layer prepared by adding 80 parts by weight of poly- 
vinyl alcohol to 20 parts by weight of a polymer compound (having a molecular weight of 70.000) obtained from poly- 
20 ethylene glycol and dimethyl terephthalate was coated in the same manner as in Example 13 on the same support as 
used in Example 13 to obtain an ink jet recording sheet 

Example 15 

25 A coating composition (10% in solid content) for ink-receiving layer prepared by adding 80 parts by weight of poly- 
vinyl alcohol to 20 parts by weight of a polymer compound (having an average molecular weight of 170,000) obtained 

m from ethylene oxide adduct of polytetramethylene glycol and pyromellitic acid dianhydride was coated in the same man- 
ner as in Example 13 on the same support as used in Example 13 to obtain an ink jet recording sheet. 

30 Example 16 

An aqueous solution (10% in solid content) prepared by adding 80 parts by weight of polyvinyl alcohol to 20 parts 
by weight of a polymer compound (having an average molecular weight of 40,000) obtained from ethylene oxide adduct 
of bisphend A and succinic anhydride was coated in the same manner as in Example 1 3 on the same support as used 
35 in Example 1 3 to obtain an ink jet recording sheet. 

Example 17 

An aqueous solution (10% in solid content) prepared by adding 80 parts by weight of polyvinyl alcohol to 20 parts 
40 by weight of a polymer compound (having an average molecular weight of 320,000) obtained from polyethylene glycol 
and 4,4'-methy1enebis-(phenyt isocyanate) was coated in the same manner as in Example 13 on the same support as 
used in Example 13 to obtain an ink jet recording sheet. 

Example 18 

45 

A coating composition (10% in solid content) for ink-receiving layer prepared by adding 97 parts by weight of poly- 
vinyl alcohol to 3 parts by weight of the same polymer compound as used in Example 13 was coated in the same man- 
ner as in Example 13 on the same support as used in Example 13 to obtain an ink jet recording sheet. 

so Example 19 

A 10% aqueous solution of the same polymer compound as used in Example 13 was coated in the same manner 
as in Example 1 3 on the same support as used in Example 1 3 to obtain an ink jet recording sheet 

55 Example 20 

A coating composition (10% in solid content) for ink-receiving layer prepared by adding 99 parts by weight of poly- 
vinyl alcohol to 1 part by weight of the same polymer compound as used m Example 1 3 was coated in the same manner 
as in Example 13 on the same support as used in Example 1 3 to obtain an ink jet recording sheet 



15 
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Example 21 

The same coating composition as used in Example 13 was coated at a dry coating weight of 1 g/m 2 on the same 
support as used in Example 13 to obtain an ink jet recording sheet. 

5 

Example 22 

The same coating comoosition as used in "Example 13 was coated at a dry coating weight of 30 g/m 2 on the same 
supoort as usee ;n Example '3 to obtain an ink jet recording sheet. 

Example 23 

The same coating composition as used in Example 1 3 was coated at a dry coating weight of 0.5 g/m 2 on the same 
support as used in Example 13 to obtain an ink jet recording sheet 

75 

Example 24 

The same coating composition as used in Example 13 was coated at a dry coating weight of 40 g/m 2 on the same 
support as used in Example 13 to obtain an ink jet recording sheet. 

20 

Example 25 

An ink jet recording sheet was obtained in the same manner as in Example 13 except that a polyethylene tereph- 
thalate film having a thickness of 100 urn was used in place of the resin-coated paper used as a support. 

Example 26 

A 10% aqueous polyvinyl alcohol solution was coated in the same manner as in Example 13 on the same support 
as used in Example 13 to obtain an ink jet recording sheet. 

30 

Example 27 

An ink jet recording sheet was obtained in the same manner as in Example 26 except that a polyethylene tereph- 
thalate film having a thickness of 100 urn was used in place of the resin-coated paper used as a support. 
35 Images were recorded on the thus obtained ink jet recording sheets by Desk Writer 550C color ink jet printer sup- 
plied by Hewlett Packard Co.. Ltd. and subjected to the following quality tests and the results of evaluation are shown 
in Table 2. 

(Sharpness of image] 

40 

Monochromatic ink dot or overlapping ink dot was continuously printed and it was visually judged whether the ink 
of the dots spread between adjacent image portions. 

[Drying characteristics] 

45 

The overlapping solid image portion just after printing was evaluated and drying state of ink was visually evaluated. 
[Coatability] 

so The surface of the ink-receiving layer was e/aluated and state of streak lines caused by coating bar and state of 
unevenness in gloss were visually evaluated. 
Criteria for the evaluation are as follows. 

® : Very excellent 

55 0 : Excellent 

a: Practically acceptable. 

X: Bad and practically unacceptable. 
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Sample 


Sharpness of 


Drying 


Coatab'lity 


5 
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property 
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Example -14 
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Example 15 
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Example 18 


o 


o 


® 


15 


Example 19 
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Example 20 
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Example 21 
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Example 22 
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Example 24 






® 


25 


Example 25 


© 


© 


® 


Example 26 


X 


X 


® 




Example 27 


X 


X 


® 



As can be seen from the results of Table 2. the ink jet recording sheets of Examples 13-25 showed satisfactory 
results in all tests. 

On the other hand, when the specific polymer compound was not used as in Examples 26 and 27. absorption and 
drying of ink were insufficient and sharp images were not obtained. 

As explained above, an ink jet recording sheet that can form a sharp image and is excellent in drying characteristics 
of ink can be obtained. 

Example 28 



On the front side of a woodfree paper comprising 70% of LBKP and 30% of NBKP (needle-leaved bleached kraft 
pulp) and having a basis weight of 100 g/m 2 was coated with a coating composition for ink-receiving layer of the follow- 
ing formulation at a dry coating weight of 10 g/m 2 by an air knife coater and dried to obtain an ink jet recording sheet. 



45 



50 



55 



(Formulation 1 for ink-receiving layer) 



Silica (Carpiex FPS-2® supplied by Shionogi & Co.. Ltd.) 

Colloidal silica (Snowtex C® supplied by Nissan Chemical Industries. Ltd. 

Polyvinyl alcohol (PVA 1 10 supplied by Kuraray Co.. Ltd.) 

Dye fixing agent (Catiotast PL® supplied by 8ASF Japan Ltd.) 

Blue dye (Blue 16L suppOed by BASF Japan Ltd.) 

Red dye (Red G supplied by Nippon Kayaku Co.. Ltd.) 

Fluorescent dye (Kaycoll BUL® supplied by Nippon Soda Ca. Ltd.) 

Surface active agent (Trax K-40® supplied by Nippon Oil & Fats Co., Ltd.) 



100 parts 
20 parts 
30 parts 
5 parts 
0.002 part 
0.002 part 
1 part 
0.01 part 
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Examcie 29 

On the front side of an art paper having a basis weight of 84.9 g/m 2 was coated with a coating composition for ink- 
receiving layer of Example 23 at a dry coating weight of 10 g/m 2 by an air knife coater and dried to obtain an ink jet 
recording sheet. 

Exampie 30 

Cr- the ? ront sice c; a wnhe polyethyiene tereohthalare film having a thickness of 100 urn was coated with a coating 
comcc3:3cr, -or ink*recs:v ayer ot r a roiicwmg formuiauon at a ory coating weight of 8 g/m 2 by a wire oar coater anc 
dried to obtain an ink jet recording sheet. 



15 



20 



'Formulation 2 for ink-receiving layer) 



Colloidal silica (Snowtex C® supplied by Nissan Chemical Industries, Ltd. 
Carboxymethylcellulose (Cellogen BSH-12 supplied by Daiichi Kbgyo Seiyaku Co.. Ltd.) 
Blue dye (Blue 16L supplied by BASF Japan Ltd.) 
Red dye (Red G supplied by Nippon Kayaku Co., Ltd.) 
Fluorescent dye (Kaycoil BUL® supplied by Nippon Soda Co., Ltd.) 
Surface active agent (Trax K-40® supplied by Nippon Oil & Fats Co., Ltd.) 



100 parts 
100 parts 
0.002 part 
0.002 part 
0.5 part 
0.02 part 



25 



30 



35 



Example 31 

On the front side of a polyethylene laminate paper having a basis weight of 142.5 g/m 2 was coated with a coating 
composition for ink-receiving layer of Example 30 at a dry coating weight of 8 g/m 2 by a wire bar coater and dried to 
obtain an ink jet recording sheet. ' 

Examp.e 32 

An ink jet recording sheet was prepared in the same manner as in Example 28 except that a coating composition 
of the following formulation was used for the ink-receiving layer. 



40 



45 



formulation 3 for ink-receiving layer) 



Silica (Carplex FPS-2® supplied by Shionogi & Co.. Ltd.) 

ColloidaJ silica (Snowtex C® supplied by Nissan Chemical Industries, Ltd.) 

Polyvinyl aJcohol (PVA 1 10 supplied by Kuraray Co.. Ltd.) 

Dye fixing agent (Catiofast PL® supplied by BASF Japan Ltd.) 

Surface active agent (Trax K-40® supplied by Nippon Oil & Fats Co.. Ltd.) 



100 parts 
20 parts 
30 parts 
5 parts 

0.01 part 



50 



Example 33 

An ink jet recording sheet was prepared in the same manner as in Example 28 except that a coating composition 
55 of the following formulation was used for the ink-receiving layer. 
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■Formulation 4 for ink-receiving layer) 



Silica (Carplex FPS-2® supplied by Shionogi & Co.. Ltd.) 
Colloidal silica (Snowtex C® supplied by Nissan Chemical Industries. Lid.) 
Polyvinyl alcohol (PVA 110 supplied by Kuraray Co.. Ltd.) 
Oye fixing agent (Catiofast>L® supplied by BASF Japan Ltd.) 
3lue aye (Blue 16L supplied by BASF Japan Ltd.) 
Fluorescent dye (Kaycoll BUL® supplied by Nippon Soda Co, Ltd.) 
Surface active agent (Trax K-40® supplied by Nippon Oil & Fats Co.. Ltd.) 



100* parts 
20 parts 
30 parts 
5 parts 
0.0C2 part 
1 part 
0.01 part 



15 



Example 34 



20 rt i JVT T rdi ? 9 Sh6et Pf6pared in * he S3me manner aS in Exam P ,e 28 ***** that tne citing correction 
of the following formulation was used for the ink-receiving layer. 



25 



30 



35 



(Formulation 5 for ink-receiving layer) 



Silica (Carplex FPS-2® supplied by Shionogi & Co.. Ltd.) 
Colloidal silica (Snowtex C® supplied by Nissan Chemical Industries, Ltd.) 
Polyvinyl alcohol (PVA 110 supplied by Kuraray Co.. Ltd.) 
Dye fixing agent (Catiofast PL® supplied by BASF Japan Ltd.) 
Blue dye (Blue 16L supplied by BASF Japan Ltd.) 
Red dye (Red G supplied by Nippon Kayaku Co.. Ltd.) 
Fluorescent dye (Kaycoll BUL® supplied by Nippon Soda Co.. Ltd.) 
Surface active agent (Trax K-40® supplied by Nippon Oil & Fats Co, Ltd.) 



100 parts 
20 parts 
30 parts 
5 parts 
0.002 part 
0.01 part 
1 part 
0.01 part 



*o Example 35 



45 



50 



55 



/"J,? k i6t r ^ ording ^ Prepared in the same manner as in Example 28 except that a coating corrcosition 
of the following formulation was used for the ink-receiving layer. 



(Formulation 6 for ink-receiving layer) 



Silica (Carplex FPS-2® supplied by Shionogi & Co., Ltd.) 
Colloidai silica (Snowtex C® supplied by Nissan Chemical Industries, Ltd.) 
Polyvinyl alcohol (PVA 110 supplied by Kuraray Co.. Ltd.) 
Dye fixing agent (Catiofast PL® supplied by BASF Japan Ltd.) 
Red dye (Red G supplied by Nippon Kayaku Co., Ltd.) 
Fluorescent dye (Kaycoll BUL® supplied by Nippon Soda Co.. Ltd) 
Surface active agent (Trax K-40® supplied by Nippon Oil & Fats Co., Ltd.) 



100 parts 
20 parts 
30 parts 
5 parts 
0.002 part 
1 part 
0.01 part 
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Example 36 

An ink jet recording sheet was preoared in the same manner as in Example 28 except that the coating composition 
of the following formulation was used for the ink-receiving layer. 



'Formulation 7 for ink-receiving layer) 


• (Carol ex FPS-2^* supplied by Shioncgi A Co.. Ltd.) 


ICO parrs 


cai siiica (Sncwrex C'^ supplied by NisG-.n Chemical industries. Ltd.) 


20 pars 


Polyvinyl alcohol (?7A no supplied by Kuraray Co.. Ltd.) 


30 parts 


Dye fixing agent (Catiofast PL® supplied by BASF Japan Ltd.) 


5 parts 


Slue dye (Blue 16L supplied by BASF Japan Ltd.) 


0.01 part 


Red dye (Red G supplied by Nippon Kayaku Co.. Ltd.) 


0.002 part 


Fluorescent dye (Kaycdl 8UL® supplied by Nippon Soda Co.. Ltd.) 


1 part 


Surface active agent (Trax K-40® supplied by Nippon Oil & Fats Co.. Ltd.) 


0.01 part 



20 

Psychometric lightness L and psychometric chroma coordinates a and b of the thus obtained ink jet recording 
sheets were measured by a color and color-difference meter CR-100 supplied by Minolta Camera Co.. Ltd. and the 
results are shown in Table 3 together with the results of visual evaluation. 

25 



Table 3 





L 


a 


b 


Visual evaluation 


Example 28 


87.58 


-0.62 


-1.87 


Superior whiteness 


Example 29 


88.73 


1.08 


2.17 




Example 30 


93.29 


-1.25 


-2.28 




Example 31 


91.46 


0.75 


-1.51 




Example 32 


83.29 


-0.24 


3.86 


Grayish and yellowish 


Example 33 


89.23 


-2.98 


-2.65 


Greenish 


Example 34 


88.16 


2.32 


0.39 


Reddish 


Example 35 


89.54 


1.27 


3.15 


Yellowish 


Example 36 


87.50 


-1.84 


-3.83 


Bluish 



« As can be seen from the results of Table 3, the ink jet recording sheets of Examples 28-31 had visually excellent 
whiteness and were superior in color reproducibility of image. On the other hand, the ink jet recording sheet of Example 
32 decreased in the value L and became grayish and yellowish since it did not contain blue dye. red dye and fluorescent 
dye. The ink jet recording sheet of Example 33 decreased in the value a and became greenish since it did not contain 
red dye. The ink jet recording sheet of Example 34 increased in the value a and became reddish since it contained the 

so red dye in a large amount The ink jet recording sheet of Example 35 increased in the value b and became yellowish 
since it did not contain Hue dye. The ink jet recording sheet of Example 36 decreased in the value b and became bluish 
since it contained the blue dye in a large amount 

As described above, an ink jet recording sheet having visually excellent whiteness, capable of providing sharp 
image and superior in color reproducibility can be obtained when the psychometric lightness L and the psychometric 

55 chroma coordinates a and b of the surface of the ink-receiving layer are within the specific ranges. 
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Example 37 

A base paper having a basis weight of 100 g/m 2 and formed of the following stock furnish produced by rourdrinier 
machine. 





:Furnish 1 cf base paper) 




L3KP 


100 parts 




Cationizrd starcn (CATO 202^ supplied by Oji Mational Co.. UcJ.) 


10 parts 




Polyacrylamide (Hymoloc KL-86® supplied by Hymo Co.. Ltd.) 


0.2 part 




Alkyl ketene dimer (Hereon 601® supplied by Dick Hercules Co.. Ltd.) 


0.5 part 


15 


Polyamide-epichlorohydrin resin (Kymene 2064^ supplied by Dick Hercules Co.. Ltd.) 


0.5 part 




Blue dye (Blue B supplied by Nippon Kayaku Co.. Ltd.) 


0.5 part 




Red dye (Red B supplied by Nippon Kayaku Co.. Ltd.) 


0.5 part 



20 

The resulting base paper was impregnated with an impregnating solution of the following formulation at a dry 
weight of 2.0 g/m 2 using a size press. 



'Formulation 1 of impregnating solution) 


Polyvinyl aJcohol (PVA 1 10 supplied by Kuraray Co.. Ltd.) 
Fluorescent dye (Kaycoll BUL® supplied by Nippon Soda Co.. Ltd.) 
Electroconducting agent (Chemistat 61 20® supplied by Sanyo Kasei Kbgyo Co.. Ltd.) 


2 parts 
0.2 part 
1 part 



The back side of the base paper was subjected to corcna discharge treatment and then provided with a back side 
resin coat layer of the following formulation at a thickness of 20 jim by melt extrusion coating method. 



^Formulation 1 of back side resin coat layer) 


Low-density polyethylene (density: 0.92 g/cm 3 ) 
High-density polyethylene (density: 0.96 g/cm 3 ) 


30 parts 
70 parts 



Furthermore, the front side of the base paper was subjected to corona discharge treatment and then provided with 
<5 a front side resin coat layer of the following formulation at a thickness of 20 by mert extrusion coating method to 
obtain a support 



Formulation 1 of front side resin coat layer) 


Low-density polyethylene (density: 0.92 g/cm 3 ) 


74 parts 


High-density polyethylene (density: 0.97 g/cm 3 ) 


15 parts 


White pigment (anatase type titanium dioxide) 


10 parts 


Blue pigment (ultramarine) 


0.5 part 


Zinc stearate 


0.5 part 
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The front side of the above support was subjected to corona discharge treatment and then coated with a coating 
compositicn for an intermediate layer of the following formulation at a dry coating weight of 0.1 g/m 2 by an air knife 
coater and dried. 



Formulation 1 of coating composition for intermediate layer) 


Gelatin 

• 

Hardener (Dsnacoi SX-810® supplied by Nagase Kasei Kogy^ :o.. Ltd.) 
Surface active =gent iRapisoi 8*30'^ supplied by Nippon Oil I --.;s Co., Ltd.) 


100 parts 
1 part 
0.05 part 



The back side of the above support was subjected to corona discharge treatment and then coated with a coating 
composition for back coat layer of the following formulation at a dry coating weight of 5 g/m 2 by a wire bar coater and 
dried. 



^Formulation 1 of coating composition for back coat layer) 


Gelatin 


100 parts 


Silica (Carplex FPS-2® supplied by Shionogi & Co., Ltd.) 


10 parts 


Hardener (Denacol EX-810® supplied by Nagase Kasei Kogyo Co.. Ltd.) 


1 part 


Electroconducting agent (Chemistat 6120® supplied by Sanyo Kasei Kogyo Co.. Ltd.) 


1 part 


Surface active agent (Rapisol B-30® supplied by Nippon Oil & Fats Co., Ltd.) 


0.05 part 



30 Furthermore, on the intermediate layer was coated with a coating composition for ink-receiving layer of the follow- 
ing formulation at a dry coating weight of 10 g/m 2 by an air knife coater and dried to obtain an ink jet recording sheet. 



35 



40 



^Formulation 8 of coating composition for ink- receiving layer) 



Silica (Carplex FPS-2® supplied by Shionogi & Co., Ltd.) 

Colloidal silica (Snowtex C® supplied by Nissan Chemical Industries. Lid.) 

Polyvinyl alcohol (PVA 1 10 supplied by Kuraray Co.. Ltd.) 

Dye fixing agent (Catiofast PL® supplied by BASF Japan Co.. Ltd.) 

Surface active agent (Trax K-40® supplied by Nippon Oil & Fats Co., Ltd.) 



100 parts 
20 parts 
30 parts 
5 parts 

0.01 part 



45 

Example 38 

On the front side of the base paper of Example 37 was provided with a front side resin coat layer of the following 
formulation at a dry weight of 20 g/m 2 using an air knife coater. 

so 



formulation 2 of front side resin coat layer) 


Polyethylene emulsion (Zaikthene-A® supplied by Sertestu Kagaku Co.. Ltd.) 


100 parts 


White pigment (barium sulfate) 


50 parts 


Blue dye (Blue B supplied by Nippon Kayaku Co.. Ltd.) 


0.1 part 


Red dye (Red B supplied by Nippon Kayaku Co.. Ltd.) 


0.1 part 
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On the back side of the base paper was provided with a back side resin coat layer of the following formulation ai a 
dry weight of 20 g/m 2 using an air knife coater to obtain a support. 



^Formulation 2 of back side resin coat layer) 


Polyethylene emulsion (Zaikthene-A® supplied by Seitestu Kagaku Co.. Ltd.) 


100 carls 



On the front side of the resulting support was coated with a coating composition for ink-recerving layer or :he follow- 
ing trmulaiion at a dry coating weight of 3 g/nr by a wire bar coater and dried to obtain an ink jet recording sheet. 



Formulation 9 of coating composition for ink-receiving layer) 


Gelatin 

Polyvinyl alcohol (PVA 110 supplied by Kuraray Co.. Ltd.) 

Surface active agent (Trax K-40® supplied by Nippon Oil & Fats Co.. Ltd.) 


10 parts 
30 parts 
0.01 part 



Example 39 

25 An ink jet recording sheet was produced in the same manner as in Example 37 except that an impregnating solu- 
tion of the following formulation was used. ^Formulation 2 of impregnating solution) 



Polyvinyl alcohol (PVA 110 supplied by Kuraray Co.. Ltd.) 
Fluorescent dye (Kaycoll BUL® supplied by Nippon Soda Co.. Ltd.) ' 
Electroconducting agent (Chemistat 61 20® supplied by Sanyo Kasei Kogyo Co.. Ltd.) 



2 parts 
0.05 part 
i cart 



Example 40 

An ink jet recording sheet was produced in the same manner as in Example 37 except that the foflowing stock fur- 
40 nish was used for making the base paper. 



50 



55 



<Furnish 2 of base paper) 



LBKP 

Cationued starch (CATO 302® supplied by Oji National Co.. Ltd.) 

Polyacryiamide (Hymotoc KL-86® supplied by Hymo Co.. Ltd.) 

Alky* ketene dimer (Hereon 601® supplied by Dick Hercules Co.. Ltd.) 

Polyarnide-epichlorohydrin resin (Kymene 2064® supplied by Dick Hercules Co.. Ltd.) 

Blue dye (Blue 8 supplied by Nippon Kayaku Co.. Ltd.) 

Red dye (Red B supplied by Nippon Kayaku Ca, Ltd.) 



100 parts 
10 parts 
0.2 part 
0.5 part 
0.5 part 
0.5 part 
0.2 part 
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Example 41 

An ink jet recording sheet was produced in the same manner as in Example 37 except that the following stock fur- 
nish was used for making the base paper. 



'Furnish 3 of base paper) 


LE;-\- 


100 parts 


Ca. ^zed starch (CATO 302 - supplied by Oji National Co.. Ltd.) 


10 parts 


Polyacryiamide (Hymoloc KL-36® supplied by Hymo Co.. Ltd.) 


0.2 part 


Alkyl ketene dimer (Hereon 601® supplied by Dick Hercules Co., Ltd.) 


0.5 part 


Polyamide-epichlorohydrin resin (Kymene 2064® supplied by Dick Hercules Co., Ltd.) 


0.5 part 


Blue dye (Blue B supplied by Nippon Kayaku Co.. Ltd.) 


0.2 part 


Red dye (Red B supplied by Nippon Kayaku Co., Ltd.) 


0.5 part 



20 

Example 42 

An ink jet recording sheet was produced in the same manner as in Example 37 except that the following composi- 
25 tion was used for the front side resin coat layer. 





(Formulation 3 of front side resin coat layer) 


30 


Low-density polyethylene (density: 0.92 g/cm 3 ) 


70 parts 




High-density polyethylene (density: 0.97 g/cm 3 ) 


15 parts 




White pigment (anatase type titanium dioxide) 


5 parts 




Blue pigment (ultramarine) 


0,5 part 


35 


Zinc stearate 


0.5 part 



40 Example 43 

An ink jet recording sheet was produced in the same manner as in Example 37 except that the following stock fur- 
nish was used for making the base paper. 

45 





burnish 4 of base paper) 




LBKP 


100 parts 




Cationized starch (CATO 302® supplied by Oji National Co.. Ltd.) 


10 parts 


50 


Polyacrytamide (Hymoloc KL-86® supplied by Hymo Co.. Ltd.) 


0.2 part 




Alkyt ketene dimer (Hereon 601® supplied by Dick Hercules Co.. Ltd.) 


0.5 part 




Poryamide-epk^torohydrin resin (Kymene 2064® supplied by Dick Hercules Co., Ltd.) 


. 0.5 part 


55 


Blue dye (Blue B supplied by Nippon Kayaku Co.. Ltd.) 


0.5 part 
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Exarrple 44 

An ink jet recorcing sheet was produced in the same manner as in Example 37 except that the following composi- 
tion was used for making the base paper. 



'Furnish 5 of base paper) 


LBK? 


100 parts 


Cationizec starch (CATO 302^ supplied by Ojt National Co., Lid.) 


10 pans 


Polyacrytamide (Hymoioc KL-86® supplied by Hymo Co., Ltd.) 


0.2 part 


AJkyl ketene dimer (Hereon 601® supplied by Dick Hercules Co.. Ltd.) 


0.5 part 


Polyamide-epichlorohydrin resin (Kymene 2064® supplied by Dick Hercules Co., Ltd.) 


0.5 part 


Blue dye (Blue B supplied by Nippon Kayaku Co.. Ltd.) 


0.5 part 


Red dye (Red B supplied by Nippon Kayaku Co.. Ltd.) 


1.0 part 



20 

Example 45 

An ink jet recording sheet was produced in the same manner as in Example 37 except that the following composi- 
25 tion was used for the front side resin coat layer. 



'Formulation 4 of front side resin coat layer) 


Low-density polyethylene (density: 0.92 g/cm 3 ) 


70 parts 


High-density polyethylene (density: 0.97 g/cm 3 ) 


15 parts 


White pigment (anatase type titanium dioxide) 


10 parts 


Zinc stearate 


0.5 part 



Example 46 

40 

An ink jet recording sheet was produced in the same manner as in Example 37 except that the following composi- 
tion was used for the front side resin coat layer. 



45 


Formulation 5 of front side resin coat layer) 




Low-density polyethylene (density: 0.92 g/cm 3 ) 


70 parts 




High-density polyethylene (density: 0.97 g/cm 3 ) 


15 parts 


SO 


White pigment (anatase type titanium dioxide) 


10 parts 


Blue pigment (ultramarine) 


1 part 




Zinc stearate 


0.5 part 



55 

The values L, a and b of the surface of the support on which the ink-receiving layer is provided were measured by 
a color and color-difference meter CR-100 supplied by Minolta Camera Co.. Ltd. and the results are shown in Table 4 
together with the results of visual evaluation of the ink jet image receiving sheet coated with the ink-receiving layer. 
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Table 4 



is 



20 





L 


a 


b 


Visual evaluation 


example o / 




-U.O£ 


•d.df 


oupenor wmieness 


Example 38 


92.36 


1.13 


-0.95 




Example 39 


90*. 29 


0.75 


-1 .28 




£ a ample 40 


91.80 


-1.76 


-3.1 1 




Example 41 


92.08 


0.41 


-0.64 






flA 74. 


fi 9Q 


u.oo 


rtrav/tch anH i/olt/'usicH 

or ayibi i cuiu yciKJWian 


Example 43 


92.63 


-2.31 


-4.35 


Greenish 


Example 44 


90.82 


2.45 


-0.49 


Reddish 


Example 45 


91.46 


1.39 


1.28 


Yellowish 


Example 46 


-90.30 


-1.84 


-5.83 


Bluish 



25 



30 



As can be seen from the results of Table 4, the ink jet recording sheet of Examples 37-41 according to the present 
invention had visually excellent whiteness and were superior in color reproducibility. On the other hand, the ink jet 
recording sheet of Example 42 was low in the values L and b and grayish and yellowish since content of the white pig- 
ment in the resin coat layer on the front side of the support was small. The ink jet recording sheet of Example 43 was 
low in the value a and greenish since the base paper did not contain red dye. The ink jet recording sheet of Example 
44 was high in the value a and reddish since the base paper contained the red dye in a large amount. The ink jet record- 
ing sheet of Example 45 was high in the value b and yellowish since the front side resin coat layer did not contain blue 
dye. The ink jet recording sheet of Example 46 was low in the value b and bluish since the front side resin coat layer 
contained the blue dye in a large amount. 

-escribed above, an ink jet recording sheet having visually excellent whiteness, capable of providing sharp 
imag ; ;-xl superior :n color reproducibility can be obtained. 
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Example 47 

On the front side of a woodfree paper comprising 70% of LBKP and 30% of NBKP and having a basis weight of 
100 g/m 2 was coated with a coating composition for ink-receiving layer of the following formulation at a dry coating 
weight of 10 g/m 2 by an air knife coater and dried to obtain an ink jet recording sheet 

The non-spherical cationic colloidal silica in the coating composition layer was cationized with hydrous aluminum 
oxide and covering amount of the hydrous aluminum oxide was 1 1 .7% by weight based on silica (as SiO^. 
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^Formulation 10 of coating composition for ink-receiving layer) 



Non-spherical cationic colloidal silica (Snowtex UP-AK(I) (S) supplied by 
Nissan Chemical Industries* Ltd.) 

Polyvinyl alcohol (PVA 117 supplied by Kuraray Co.. Ltd.) 

Blue dye (Blue 16L supplied by BASF Japan Co.. Ltd.) 

Red dye (Red G supplied by Nippon Kayaku Co.. Ltd.) 

Fluorescent dye (Kaycoll BUL® supplied by Nippon Soda Co.. Ltd.) 

Surface active agent (Trax K-40® supplied by Nippon Oil & Fats Co.. Lid.) 



100 parts 

30 parts 
0.002 part 
0.002 part 
1 part 
0.01 part 
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Example 48 

An ink jet recording sheet was prepared by coating the same coating composition for ink-receiving layer as used in 
Example 47 on the front side of a coated paper having a basis weight of 84.9 g/m 2 at a dry coating weight of 1 0 g/nrr 
by an air knife coater and drying the coated paper. 

Example 49 

An ink jet recording sheet was prepared by coating the same coating composition for ink-receiving layer as used in 
Sxarrcie 47 on the front side of a wmte poly ethylene :erephthaiate film having a thiexness of ICO urn at a cry cca:.r.g 
weight of 20 g/m 2 by a wire bar ccater and drying tne coated film. 

Example 50 

An ink jet recording sheet was prepared by coating the same coating composition for ink-receiving layer as used in 
Example 47 on the front side of a polyethylene laminate paper having a basis weight of 142.5 g/m 2 at a dry coating 
weight of 20 g/m 2 by a wire bar coater and drying the coated paper. 

Example 51 

An ink jet recording sheet was prepared in the same manner as in Example 47 except that a coating composition 
for ink-receiving layer of the following formulation was used. 
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Formulation 1 1 of coating composition for ink-receiving layer) 



Non-spherical cationic colloidal silica (Snowtex UP-AK(I)® supplied by 
Nissan Chemical Industries, Ltd.) 

Polyvinyl alcohol (PVA 1 1 7 supplied by Kuraray Co.. Ltd.) 

Surface active agent (Trax K-40® supplied by Nippon Oil & Fats Co.. Ltd.) 



100 parts 

30 parts 
0.01 part 



35 Example 52 

An ink jet recording sheet was prepared in the same manner as in Example 47 except that a coating composition 
for ink-receiving layer of the following formulation was used. 
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Formulation 1 1 of coating composition for ink-receiving layer> 



Non-spherical cationic colloidal silica (Snowtex UP-AK0)® supplied by 
Nissan Chemical Industries, Lid.) 

Polyvinyl alcohol (PVA 1 1 7 supplied by Kuraray Co., Ltd.) 

Blue dye (Blue 16L supplied by BASF Japan Co.. Ltd.) 

Fluorescent dye (Kay coll BUL® supplied by Nippon Soda Co., Ltd.) 

Surface active agent (Trax K-40® supplied by Nippon Oil & Fats Co.. Ltd.) 



100 parts 

30 parts 
0.002 part 
1 part 
0.01 part 
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Example 53 

An ink jet recording sheet was prepared in the same manner as in Example 47 except that a coating composition 
for ink-receiving layer of the following formulation was used. 
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^Formulation 12 of coating composition for ink-receiving layer) 



Non-spherical cationic colloidal silica (Snowtex UP-AK(l)® supplied by 
Nissan Chemical Industries, Ltd.) 

Polyvinyl alcohol (PVA 1 17 supplied by Kuraray Co.. Ltd.) 

Blue dye (Blue 16L supplied by BASF Japan Co.. Ltd.) 

Red dye (red G supplied by Nippon Kayaku Co., Ltd.) 

Fluorescent dye (Kaycoil BUL^ supplied by Nippon Soda Co.. Ltd.) 

Surface active agent (Trax K-40® supplied by Nippon Oil & Fats Co., Ltd.) 



100 parte 

30 parts 
0.CC2 part 
0.01 part 
i part 
0.01 part 
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Example 54 

20 An ink jet recording sheet was prepared in the same manner as in Example 47 except that a coating composition 
for ink-receiving layer of the following formulation was used. 
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(Formulation 1 3 of coating composition for ink-receiving layer) 



Non-spherical cationic colloidal silica (Snowtex UP-AK(I)® supplied by 
Nissan Chemical Industries, Ltd.) 

Polyvinyl alcohol (PVA 1 17 supplied by Kuraray Co.. Ltd.) 

Red dye (Red G supplied by Nippon Kayaku Co.. Ltd.) 

Fluorescent dye (Kaycoil BUL® supplied by Nippon Soda Co.. Ltd.) 

Surface active agent (Trax K-40® supplied by Nippon Oil & Fats Co.. Ltd.) 



100 parts 

30 parts 
0.002 part 
1 part 
0.01 part 
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Example 55 

An ink jet recording sheet was prepared in the same manner as in Example 47 except that a coating composition 
40 for ink-receiving layer of the following formulation was used. 



45 



50 



(Formulation 14 of coating composition for ink-receiving layer) 



Non-spherical cationic colloidal silica (Snowtex UP-AK(I)® supplied by 
Nissan Chemical Industries, Ltd.) 

Polyvinyl alcohol (PVA 1 1 7 supplied by Kuraray Co., Ltd.) 

Blue dye (Blue 16L supplied by BASF Japan Co.. Ltd.) 

Red dye (Red G supplied by Nippon Kayaku Co.. Ltd.) 

Fluorescent dye (Kaycoil BUL® supplied by Nippon Soda Co.. Ltd.) 

Surface active agent (Trax K-40® supplied by Nippon Oil & Fats Co. Ltd.) 



100 parts 

30 parts 
0.01 part 
0.002 part 
1 part 
0.01 part 



55 



BNSOOCIO: <£P 0737592A2> 



28 



EP 0 737 592 A2 



cxarnple 56 

An ink jet recording sheet was prepared in the same manner as in Example 47 except that a coating composition 
for ink-receiving layer of the following formulation was used. 



15 



Formulation 15 of coating composition for ink-receiving layer) 



Non-soherical cationic colloidal silica {Snowrex UP-AK(I) 5 supplied by 
Nissan Chemical Industries. Ltd.) 

Polyvinyl alcohol (PVA 1 1 7 supplied by Kuraray Co.. Ltd.) 

Blue dye (Blue 16L supplied by BASF Japan Co.. Ltd.) 

Red dye (Red G supplied by Nippon Kayaku Co., Ltd.) 

Fluorescent dye (Kaycoll BUL® supplied by Nippon Soda Co., Ltd.) 

Surface active agent (Trax K-40® supplied by Nippon Oil & Fats Co.. Ltd.) 



100 pans 

30 parts 
0.002 part 
0.002 part 
1 part 

0.01 part 



20 

Example 57 

An ink jet recording sheet was prepared in the same manner as in Example 47 except that a coating composition 
25 for ink-receiving layer having the following formulation was used. 





(Formulation 16 of coating composition for ink-receiving layer) 


30 


Spherical cationic colloidal silica (Snowtex-AK® supplied by Nissan Chemical Industries, Ltd.) 


100 parts 




Polyvinyl alcohol (PVA 1 17 supplied by Kuraray Co., Ltd.) 


30 parts 




Blue dye (Blue 16L supplied by BASF Japan Co., Ltd.) 


0.002 part 




Red dye (Red G supplied by Nippon Kayaku Co.. Ltd.) 


0.002 part 
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Fluorescent dye (Kaycoll BUL® supplied by Nippon Soda Co.. Ltd.) 


1 part 




Surface active agent (Trax K-40® supplied by Nippon Oil & Fats Co., Ltd.) 


0.01 part 



The psychometric lightness L and psychometric chroma coordinates a and b of the ink jet recording sheets 
obtained above were measured by a color and color-difference meter CR-100 supplied by Minolta Camera Co., Ltd. 
Furthermore, visual evaluation was also conducted. Moreover, images were recorded on the specimen sheets by ink 
jet printer Desk Writer C supplied by Hewlett Packard Co.. Ltd. and subjected to the following quality tests. The results 
45 are shown in Table 5. 

[Dot reproducibility] 



The recorded image was evaluated by a microscope and diameter and shape of the image were visually evaluated. 
so The criteria of the evaluation are as follows: 

O: Good 
X: Bad 



55 [Water resistance] 



After lapse of 30 minutes from ink jet recording of the image on the specimen sheet, the specimen sheet was 
dipped in stored water for 5 minutes. Then, the sheet was taken out from water and dried. The state of the image 
retained and the state of the image spread were visually evaluated. 
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The criteria of the evaluation are as follows: 

0 : Good 
X: Bad 



Table 5 







a 


d 


Visual evaluation 


Dot 

reproducibility 


V.-.ter 
resistance 


Example 47 


87.58 


-0.62 


-1.87 


Superior whiteness 


o 


o 


Example 46 


88.73 


1.08 


2.17 


Superior whiteness 


o 


o 


Example 49 


93.29 


-1.25 


-2 2ft 


oupenor wniieness 


o 


o 


Example 50 


91.46 


0.75 


-1.51 


Superior whiteness 


o 


o 


Example 51 


83.29 


-0.24 


3.86 


Grayish and yellowish 


o 


o 


Example 52 


89.23 


-2.98 


-2.65 


Greenish 


o 


o 


Example 53 


88.16 


2.32 


0.39 


Reddish 


o 


o 


Example 54 


89.54 


1.27 


3.15 


Yellowish 


o 


o 


Example 55 


87.50 


-1.84 


-3.83 


Bluish 


o 


o 


Example 56 


87.47 


-0.58 


-1.78 


Superior whiteness 


X 


X 


Example 57 


87.65 


-0.60 


-1.80 


Superior whiteness 


X 


o 



As can be seen from the results of Table 5, the ink jet recording sheets of Examples 47-50 had visually exreMent 
whiteness and were superior in color reproducibility of the image, dot reproducibility and water resistance On th» other 
hand, the ink jet recording sheet of Example 51 was low in the value L and grayish and yellowish since blue eye red 
dye and fluorescent dye were not contained. The ink jet recording sheet of Example 52 was low in the value a and 
greenish since red dye was not contained. The ink jet recording sheet of Example 53 was high in the value a and red- 
dish since the red dye was contained in a large amount The ink jet recording sheet of Example 54 was high in the value 
b and yellowish since blue dye was not contained. The ink jet recording sheet of Example 55 was low in the value b and 
bluish since the blue dye was contained in a large amount. The ink jet recording sheet of Example 56 was inferior in dot 
reproducibility and water resistance since non-spherical colloidal silica which was not cationized was used. The ink jet 
recording sheet of Example 57 was inferior in dot reproducibility although it was superior in water resistance since cat- 
ionized spherical colloidal silica was used. 

As described above, an ink jet recording sheet having visually excellent whiteness, capable of providing sharp 
images and superior in color reproducibility and water resistance can be obtained. 

Industrial Applicability 

The ink jet recording sheets of the present invention give excellent images so that the recording sheets can be used 
in various fields of producing full-cola copies of photographic quality such as printing, fashion, promotion and the like 
industries. 

Claims 

1 . An ink jet recording sheet comprising a support and an ink-receiving layer provided on the support wherein the ink- 
receiving layer contains a polymer compound obtained by reacting a polyoxyaJkylene glycol having an ethylene 
oxide chain with at least one compound selected from the group consisting of polycarboxylic acids, pciycarboxylic 
acid anhydrides, lower alkyl esters of polycarboxylic acids and organic polyisocyanates. 

2. An ink jet recording sheet according to daim 1 . wherein the polymer compound has a molecular weight of 50 000- 
300,000. 
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An ink jet recording sheet according to claim 1 or 2. wherein the ink-receiving layer contains the polymer compound 
in an amount of 2% by weight or more in dry solid content. 

An ink jet recording sheet according to any one of the claims 1 to 3. wherein dry coating weight of the ink-receiving 
layer is 1 -30 g/m 2 . 

An ink jet recording sheet according to any one of the claims 1 to 4, wherein the support is a polyolef in resin-coated 
paper. 

An ink jet recording sheet according eg any one of the ciaims 1 to 5. wherein the support is a polyester rilm. 

An ink jet recording sheet comprising a support and an ink-receiving layer provided on at least one side of the sup- 
port wherein the surface of the ink-receiving layer has a psychometric lightness L of 87 or more and a perceptive 
chromaticity index a of -2 to +2 and a perceptive chrcmaticity index b of -3 to +3, said psychometric lightness L and 
psychometric chroma coordinates a and b being specified in JIS-Z8730 and measured by the method specified in 
JIS-Z8722. 

An ink jet recording sheet comprising a support and an ink-receiving layer provided on at least one side of the sup- 
port wherein the support is a polyolefin resin-coated paper and the surface of the resin coat layer of the support on 
which the ink-receiving layer is provided has a psychometric lightness L of 90 or more and a perceptive chromaticity 
index a of -2 to +2 and a perceptive chromaticity index b of -5 to 0, said psychometric lightness L and psychometric 
chroma coordinates a and b being specified in JIS-Z8730 and measured by the method specified in JIS-Z3722. 

An ink jet recording sheet comprising a support and an ink-receiving layer provided on at least one side of the sup- 
port wherein the surface of the ink-receiving layer has a psychometric lightness L of 87 or more and a perceptive 
chromaticity index a of -2 to +2 and a perceptive chrcmaticity index b of -3 to +3, said psychometric lightness L and 
psychometric chroma coordinates a and b being specified in JIS-Z8730 and measured by the method specified in 
JIS-Z8722, and the ink-receiving layer comprises a non-spherical cationic colloidal silica and a binder. 
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(54) Ink Jet recording sheet 

(57) Disclosed are ink jet recordng sheets compris- 
ing a support and an ink-receiving layer provided on the 
support wherein the ink-receiving layer contains a poly- 
mer compound obtained by reacting a polyoxyaJkyiene 
glycol having an ethylene oxide chain with at least one 
compound selected from the group consisting of poly- 
carboxyiic acids, potycarboxytic acid anhydrides, lower 
aikyi esters of polycartxjxyiic acids and organic polyiso- 
cyanates. 
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1 CLAJMS INCURRING FEES 



The present European patent application comprised at the time of filling more than ten claims 

r-i An claims fees have been paid within the prescribed time limit. The present European search report has 
UJ been drawn up for all claims. 

Only part of the claims fees have been paid within the prescribed time limit The present European search 
report has been drawn up for the first ten claims and for those claims for which claims fees have been paid ' 

i 'j 

| namely claims: j 



No claims fees have been paid within the prescribed time limit. The present European search report has I 
been drawn up for the first ten claims. 



LACK OF UNITY OF INVENTION 



j T* 18 Search Division considers that the present European patent application does not comply with the requirement 
j of unity of invention and relates to several inventions or groups ol inventions, namery: 



See sheet -8- 

! 



j— j • Al further search fees have been paid within the fixed time limit. The present European search report has 
1 been orawn up for ail claims. 

Orrfy part of the further search fees have been paid within the fixed time limit The present European search 
LJ repot nas been drawn up for those parts of the European patent application which relate to the inventions 
in respect of which search fees have been paid, 

namery claims: 

None of the further search fees have been paid within the fixed time limit The present European search 
H report has been otawn up for those parts of the European patent application which relate to the invention 
first mentioned in the claims, 

namely claims: 1-6 
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1. Claims 1-6: Ink- jet recording sheet wherein the ink- 

receiving layer contains a polyoxyalkylene 
glycol reaction product 

2. Claims 7-9: Ink- jet recording sheet characterized by 

psychometric lightness and perceptive 
chromaticity index 



The above analysis is based on Search of the Claims of 
group (l) only by Prior Art established hitherto; it 
therefore does not imply acknowledgement of Unity of 
Invention of the above-identified other groups of 
Claims linked by hitherto unsearched common 
(potentially inventive) concepts, which, in the course 
of further Searches, if any, and/or closer analysis of 
established Prior Art might reveal themselves as being 
not novel (or obvious), so as to deserve 
reconsideration regarding further Lack of Unity. 



The present application is considered to relate to the 
following two distinct and separate inventive 

concepts: 

I. Ink- jet recording sheet wherein the ink-receiving 
layer contains a polyoxyalkylene glycol reaction 
product, 

II. Ink- jet recording sheet characterised by 
psychometric lightness and perceptive 
chromaticity index. 

The common feature (ink- jet recording sheet with an 
ink-receiving layer) is not a "special technical 
feature" within the meaning of Rule 30 EPC, first 
sentence, since it makes no contribution over the 
prior art. 

Therefore, there is no other feature common to all the 
claims. Since there exists no other common feature 
which can be considered as a special technical feature 
within the meaning of Rule 30 EPC, first sentence, no 
single general inventive concept within the meaning of 
Article 82 EPC linking the two different inventions 
can be seen. 



CAVEAT: 
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LACK OF UNITY OF INVENTION 



Consequently it appears that, a priori, claims 1-9 do 
not satisfy the requirement of unity of invention. 

Problem/Solution Analysis 

I. Claims 1-6. This claimed invention aims to solve 
the problem of improving upon dye-receiving 
layers based on unspecified polymer (s) (although 
all the Examples given, see Examples 13-27, 
relate to polyvinyl alcohol). The solution 
involves the addition of a specific polymer 
derived from polyoxyalJcylene glycol. 

II. Claims 7-9. The problem solved in the second 
claimed invention is that of obtaining a 
"superior" (in terms of approximately neutral 
white colour perception) dye-receiving layer; the 
solution to this problem is apparently not linked 
in any manner to the specific composition of the 
receptor layer. 



